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The FASEB journal GERLACH AND ZILE and tubular reabsorption are destroyed by the shortterm ischemia, and acute renal failureresults(10, 11).
In thispaper we describe studieswith a rat model of short-term acute renal failurewhich clearly establish that the kidney isan important physiologicalregulator of circulatory retinolhomeostasis.
MATERIALS AND METHODS

Animals, diets, and supplements
Male Sprague-Dawley rats (Holzmann Co., Madison, Wis.) 3 or 9 wk old were used throughout this study. 
Experimental design
All rats were fasted overnight before experiments began.
The individual experimental procedures are described below. For bilateralnephrectomy the kidneys were exposed via flankincisionsand removed from the fat capsule; the renal blood vesselswere than ligatedtwice with suture thread, after which the ureter was ligated and the kidneys were excised. For sham operations, only the flank incisionwas performed. At the end of the experiment the rats were anesthetized and killed by cardiac puncture. Blood samples were taken from the tailvein at various time points.
Retinyl-palmitate hydrolase (EC 3.1.1.21, RPH) assay RPH activity was measured by the method of Cooper et al. (13) . Samples were prepared by mincing and homogenizing 600 mg of liver in 3 ml of 0.05 M Trismaleate buffer, pH 8.0, with a Potter-Elvehjem apparatus for 50 s at 0#{176}C. The liversuspension was immediately frozen and stored at -70#{176}C. For assays, homogenate was diluted 1:1with 0.05 M Tris-maleate buffer,pH 7.0.The appropriate volume of liversuspension containing 600 g of protein was added to testtubes containing 275 mM 3-[(3-cholamidopropyl)dimethylammonioj 1-propanesulfonate (CHAPS), 2 mg/mi Triton X-100, and 5 mM retinyi palmitate in a final volume of 0.5 ml in 0.1 M Tris-maleate buffer, pH 7.0 (all from Sigma, St.Louis, Mo.). The samples were incubated in a shaking water-bath at 37#{176}C for 60 mm. The reaction was stopped by addition of I ml of cold ethanol. Extraction and analysis by high-performance liquid chromatography (HPLC)
were conducted as described below.
Acyl-CoA:retinol acyltransferase (EC 2.3.1.76,
ARAT) assay
Microsomes were prepared by a modification of the method originally described by Ross (14) . ARAT activity was measured by the method of Boron et al. (15 7.4 (allfrom Sigma), to give a finalvolume of 0.25 ml. The reaction was incubated in a shaking water-bath at 37#{176}C for 10 mm and stopped with 0.5 ml of cold ethanol. Extraction and HPLC analysis were conducted as described below.
Protein chromatography
To separate RBP-TTR from free holo-RBP and apo-RBP, 1 ml of rat serum was chromatographed on a 62 x 1.5 cm column packed with Sephadex G-l50 superfine (Pharmacia Inc., Piscataway, N.J.). Proteins were eluted with 0.02 M potassium phosphate buffer, pH 7.4, containing 0.2 M NaC1, with a flow rate of 4.5 mi/h, and 3-ml fractions were collected. ± 20 nm, using 0.02 absorbance unit full scale. Rednoids were quantitated from the integration peak areas at 340 nm and external standard curves for retinol, retinyl acetate, and retinyl palmitate, as described previously (17) . These studies were conducted with sera from rats that had received 3H-labeled retinol3 h prior to surgery in There were no significant differences in fluorescence and radioactivity in the elution area of apo-and holo-RBP between ligated and sham-operated rats ( Fig. 1, peak 4 found in fasting serum. The pattern of retinoid distribution among serum proteins was similar in sham-operated and renal artery-ligated rats, but the total amounts of retinoids were different. The retinol-RBP-TTR complex from the serum of rats with ligatedrenal arteriescontained 60% more retinol (635 vs. 398 ng/ml) and 380% more radioactivity(257 vs. 530 dpm/mi) than the serum from sham-operated rats. The elution area of retinol-RBP from serum of renal artery-ligated rats and sham-operated rats contained small amounts (50-90 ng/ml) of retinoland some radioactivity, with slightly more retinol in the ligated rats; however, the difference between groups was not significant.
Analytical methods
Other methods
Serum from nephrectomized
rats was analyzed for total retinol and for the retinoids associated with individual serum proteins, as described for renal artery-ligated rats.
The serum retinol concentration 1 h after surgery was 25% higher and the serum radioactivity 245% higher (3520 ± 50 versus 1021 ± 44 dpm/0.1 ml) in nephrectomized rats than in sham-operated controls. Chromatography and analysis of serum proteins from nephrectomized rats is shown in Fig. 2 E and F As for renal artery-ligated rats as shown in Fig. 2 A and B , the major change in serum retinolcarrierproteins associatedwith nephrectomy was an increase in fluorescence and radioactivity in the elution area of the retinol-RBP-TTR complex.
Effect of nephrectomy on hepatic vitamin A regulatory enzymes
The activities of hepatic RPH and ARAT in nephrectomized and sham-operated vitamin A-adequate rats 4 h after surgery are shown in Table 3 . Although RPH activity was higher in nephrectomized rats, the activities of both RPH and ARAT in nephrectomized rats were not significantly different from those in sham-operated controls.
Hematocrit; serum creatinine
The serum of sham-operated rats contained 0.4 mg creatinine/dl; the creatinine concentration 1 h after ligation of renal artery or nephrectomy was 0.9 mg/dl and after 4 h it increased to 1.1-1.6 mg/dl. There was no significant change in hematocrit due to acute renal failure or nephrectomy within the time periods studied.
DISCUSSION
Our findings confirm and extend our original hypothesis(9) that kidney eitherdirectlyor indirectlycontrib- Separation of proteins from serum of renal artery-ligated rats; acute renal failure was produced as described for Expt. 2. C, D) Separation of proteins from serum of sham-operated rats. E, F) Separation of proteins from serum of rats bilaterally nephrectomized for 1 h as described for Expt. 3. Chromatography was on Sephadex G-l50 using 1 ml of serum. utes to the regulation of homeostasis of serum retinol: similar to nephrectomy, the nonfiltering kidney elicited a significant rise in serum retinol within 1-2 h after the surgicalprocedure. We considered the possibility thatthe increased serum retinolwas due to accumulation of holo-RBP, which is normally filtered by the kidneys. However, analysis of retinoids in serum vitamin A carrier proteins firmly established that the rise in serum vitamin A in acute renal failure was almost entirely due to the increase in retinolassociatedwith RBP-TTR, as the amounts of both retinoland protein were increased in this complex. These findings suggest two possible sources for the elevated retinol-RBP-TTR complex: increased hepatic releaseof retinol-RBP-TTR or decreased peripheral uptake of retinol-RBP-TTR.
Since hepatic vitamin A is stored mainly in the form of its palmityl esters and the release of retinol-RBP-TTR into the circulationrequiresvitamin A to be in the form of retinol, we questioned whether RPH and ARAT, enzymes involved in regulating hepatic vitamin A deposition and release from storage, might be affected by shortterm acute renal failure. This, however, was not the case, which suggests that increased hydrolysis of stored retinyl esters or decreased esterification of newly acquired retinol was not responsible for the rapid increase in serum retinol in the retinol-RBP-TTR complex in renal failure. 
